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ADAPTIVE SPREAD SPECTRUM RE C EI VE II  Usiw;  SAW TECHNOLOG Y

P. Das , D.R. Arsenault L.8. Milstein

Rensselaer Po lytechnic Institute Univer..ity of Californi a, San Di ego
Oepar:mtnt of Electrical and Systems Engineering Department of Applyfe .d Physics 6 Information Science

Trov , New York 12181 La Jolla , Cal i f orni a 92093

S~rimary It can be seen frm both figures that the inter-
ference has been effectively eliminated. The distort ion

A spread spectrtri receiver imp lasented with sur— seen in the final trace of each figure is due in large

face acoustic wave (SAW) technology is discussed , and part to the bandwidth of the final video filter. As an
exper Im ental results for the detection of a signal 

inciden ta l resu l t , if traces 1 and 3 are c xiipared with

bedded in narrowband interference are presented. An each other (ala’ traces 4 and 6) one can see the fidel—

adaptive version of that receiver is also discussed for 
1t’ with which ~~~ Fourier transform s can be taken.

the case of detecting a signal in the presence of a
widehand Gaussian (out not necessarily white) interferer Figure 4 shows the actual Implementation used to

whereby an att.snpt is made to estimate the unknown noIse generate the above result., and corre sponds to the

spectral density. block diagrmn of Figure 1(a). The Fourier transforms
were imp lemented using SAW de lay t imes w i t h  a chirp
(i.e. linear FM) impulse response built into the tsp

1. Introduction weights. However , the final matched filtering operation
was performed using a silicon-on-lithium niobate con—

In (11 , a spread spectrum receiver using surface volver ((11,151).
acoustic wave (SAW) technology was described and ex-
perimental results showing Its ability to remove a To demonstrate the feasibility of Figure 1(b), the
narrowband interferer were presentea. In this paper , receiver shown in Figure 5 was built and results are
those results will be further elaborated upon and a shown in Figures 6 and 7. Figure 6 shows the output of
method of making that scheme adaptive will be discussed, a filter matched to a 255—bit PN code (again Imp lemen ted
In particular , it will be shown that if one is receiv— with ONE’s and ZERO’ s) when the input was that sane code
ing a spread spectrum signal In the presence of an in— under interference—free condition.. When a nerrowband
terferer that can be modeled as a non—white Gaussian interferer (specifically a periodic triangular waveform)
process with a covariance function which is changing was added , the filter outpu t is shown in Figure 7.
slowly as a function of t ime, the receiver described
in (1) can be made adaptive by estimating the spectral If instead of being a sine wave the interference
den,ity of the interference and then slowly adjusting 1(t) was a wideband Gaussian process with sume given co—
a prewhi tening fil ter accord ing to that estimate, variance function , then H(w) Dig .,. have been chosen to

be a prewhitening filter ( ( 6 1 ) .  However , some know-
ledge of the no ise spectral density S(w) of the inter—

2. SAW Receiver ference must be available at the receiver. A possible

The general form of the receiver is shown in Fig— 
technique to acquire this information is presented in
the nex t section.ure 1. It consists of a Fourier transformer , a multi-

plier , an inverse Fourier transformer , and a matched 3. Spectral Estimation Using SAW Devicesfiler. Aa described in detail in [11 , the rationale
for the above receiver is the ease with which it is It is well known that one cannot obtain unbiasedpossible to perform a real—time Fourier transformation and consistent estimates of the spectral density of a
using SAW technology. In essense, the filtering by the
transfer function H(w) is done by multiplication fol— 

stochastic process with a single finite tim e realiza-
tion of that process ([61 — (81). This i. because the

lowed by inverse transformation rather than by convolu— most obeious estimate of the power spectrum of some pro—
tion. This multiplication , while ostensibly being per— cess x(t), ‘ elyformed In the “f r equency dcOsain , ” is of course accom—

—j~.~t I
p lished by the SAW device in real—time. 

1

T 
5( t )S ( w ) . —  e , (1)

Alte rnately ,  the receiver may be implemented as
shown in Figure 1(b) ( ( 2 1( 4 ) )  wherein the matched fil-
te ring is perform ed by inverse transforming the product has a variance which does not approach zero as T ap—
of the transform s of the filtered input wiveform and proaches infinity. This par t icu lar  func t i on  is some-
the impul se re.ponse of the matched filter, times known as a periodogras . However , if one con-

volve. S(w) with a. appropriate “spect ral window”
To illust rate the above ideas, Figures 2 and 3 show ((8)) one will end up with an estimat e whose variance

results of narrowband inter ference removal when s (t )  is does approach zero as the t im. over which the spectral
a 13—bit Barker code and a 255 bit PN sequence re.p.c— est imate is computed approaches in Lni ty .  This new
t ively . (Actual ly, both code . were ccss pos.d of ONE’ s estimate is no longer unbia sed , but for appropriate
and ZERO ’. rather than ± ONE’..) The interf .renc. in spectral windovs the bias can be kept within tolerabl e
both cases wa, a sin, wave , and in Figure 2 it was f i l— limits.
tered out by multiplicatio n in frequency by a rectan-
gular pulse (i.e. a low—pass filter) while in Figure 3 There an, many spectral windows that one can use

notch filter. SAW devices is one whose impulse response is of the
form (sin u)/ l  so that its transfer function is just

____________________________ that of an ideal lowpass filter. Because of the sim-
pl icity of both Fourier transform ing and convolving
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it was filtered out by effectively multiplying by a ((8)). The one that ii most easily Iaplasent.d using
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s \ .~ devices , c ’nvo lv iu~ the perlodog rarn with ., [7) E. Parzen , “On choosing an estimate of the spectra l
u’. a r  pul se (is the frequencv~~Iomi in) I~ ~‘a~~ii~ density function of a stationary time series,”

. rip i i..h, j  i t  one c m  is ’ l , it ,  the pr ’ -~ s. x(t ) from Annals Math. Stat. December 1 957, pp 921-932.
t 1, per I si ,:r.mr~ is c~’np~It m’d, [8] E. Parzen , “Mathematical considerations in the• estimation of spectra ,” Technometics, May 1961 ,

Rece iv e r  pp 132-155.

F ’r  t he  pr ob lom mt hand , x ( t  is  t h e  ~irm ‘i the
additive noise n (t) p lo’. i n t e r f & r e n ’m’ 1(t ). II It f~i
assumed that n (t ) L~. i , t . m t i ’ n m r :  additive white Gaussian

~~~~~~~ • , s i  t h a t  1 (t) i~ a ; .muss imn process whose covat—
i an. e f a n t  iou  ch a u m:es very slowly relat ive to the dur—
mtio n ‘i  one information bit , and If further it is as—
str’ed t~~at  the f,’ni of the desired signal .;(t) is known
mt t ime r i v er  (i.e. ,,n’: distort ion on s ( t )  f rom wha t
it vm s at the t ranscUtter is known and can be reproduced
it , re~~e i v m r ) ,  then a possible imp lementat ion of an
m~ .mpt ive v & rs i o n  ml  Figure 1 is shown in Figure 8. The

In Figure 8 is t m  sui t rac t from the received wave—
‘ rrm an e st i i , i t e  of the t ranen i t ted signa l 5( t) .  This

• ( idea l lv i  would leave j ust 1(t) + n(t) whose power spec—
trur , c o u ld  then be est imated . The second input to t he
c.m nvol ver N/2 (. — ~/2), is just a rectangular window1 height unity , width , and centered at — ~/2. The
i n .m r t e r  is blackbox whose outpu t is l/X when its in-
pu t  is :~ F inal 1 . . t h e  F o u r i e r  t r mns forn in the esti—
sa t  ion h rmnc h of the diagrmn operates over tIT seconds
f r  some Integer ~1 , w here T is the duration of one in—
f m r ~m m t  ion bit. The pmrar ’eters M and ~ have to be opti—
‘mi;e d for each given . it sat ion. Also , implicit in all
of the above is the assumption mt a low bit error rate ,
since only then can the decision—directed operations
be expected to perf ’rrm well.

5. Conclusion

Ex perimental resu l ts  for .i spread spectrum receiver
imp lemente d usin.. acous t i c  s l o t , ice wa ve technology has
s een presented f o r  the c~m se of a narrowband interferer.
The sane basic receiver was shota~ to h~ app l i cable to
• l r t e c t i n g  a sigs.,~ in wide band ;.msssian no ise , and a

t m u t i a l  L—p 1e~ rntat ion i in adapt ive version o f that
tm ‘ i:, r was mi t  is,, j . .mt pr . se nt , this adaptive

~v ,r is being Unpltanented . h t experimental results
tr  not current ly available.
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Fig. 1 Receiver block diagrwis.

• Fig. 2 Filtering of Barker code signal (hor. scale -

5usecAiiv):
Trace I - Barker code inpu t
Trace 2 - Four ier transform of Trace 1
Trace 3 - Inverse Fourier transform of

Trace 2
Trace 4 - Barker code plus interference
Trace 5 - Fourier transform of Trace 4
Trace 6 - Inverse transfo rm of Trace 5
Trace 7 - H(w) - gating signal
Trace 8 - Filtered s igna l

Fig. 3 FIltering of 255 bit PH code signal (hor. scale
5 usec/dlv):
Trace 1 - PN code input
Trace 2 - Fourier transform of Trace 1
Trace 3 - Inverse Fourier transform of Trace 2
Trace 4 - PH code plus interference
Trace 5 - Fourier transform of Trace 4
Trace 6 - Inverse transform of Trace 5
Trace 7 - H(w) - gating signal
Trace 8 - F i l tered s ignal

Fig. 4 Imp lementation of SAW receiver where the
matched filter part is implemented using a
Si-on-liNbO3 convolver .

Fig. 5 Implementation of SAW receiver using up-chirp
SAW delay li nes only.

Fig. 6 255-bit P11 code-matched filtering :
(a) Hor. scale — 5 usec/div

Tra ces 1 and 2 - Code and its time
reversal

Traces 3 and 4 - Respective Fourier
transforms

Trace 5 - Product of Traces 3 and 4
Trace 6 - Matched-filtered output

(b) Magnified and expanded view of Trace 6
(her. scale 2 ~sec/div)

Fig. 7 255-bit PM code-matched filtering In the
presence of tr iangular Interferer. (her.
scale - 5 ~sec/div):

Trace 1 - Time reversed signal
Trace 2 - Signal plus interferer
Traces 3 & 4 - Fourier transforms of 1 ana 2

respectively• Trace 5 - Multiplication of Traces 3 and 4
Trac e 6 - Matched-fi ltered output

Fig. 8 Adaptive receiver block diagrin.
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Figure 8. Adaptive Receiver
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